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ould latch that address information to make it constantly 
available to the memory for States 3,4,0. The OTP data 
would be evaluated during that time period and be available 
for loading into the op-code latches at the end of State 0. 

As only a single memory fetch is used for a 3-byte 
instruction is this architecture, the demands placed on the 
memory are greatly reduced. For example, in a arrangement 
such as in FIG. 1, this will allow a 5x relaxation in the 
memory access times compared to an implementation need- 
ing two fetches. This relaxation can be used to prolong the 
usable life of an existing technology or utilized by modify- 
ing the memory designs to either use lower power, smaller 
silicon area, lower voltage operation, or adding more 
memory while maintaining current performance. Alter- 
nately, or it can be used to increase device speed indepen- 
dently of clock rate. Again referring to FIG. 1, the use of a 
single, 24-bit instruction fetch frees up a time slot. Conse- 
quently, the device could be reduced from a 5-state operation 
to 4 states, improving instruction execution times by 20%. 

The described structure generalizes in a number of ways. 
As already mentioned, its use in an OTP memory is just an 
exemplary embodiment. The described methods and struc- 
ture can be used with any memory to supply data along a 
three byte wide bus. Additionally, the choice of the width of 
3-bytes is only one example. 

In a more general embodiment, the memory can consist of 
2N subdivisions of the memory, each K bits wide, with a 
data bus (N+l)xK bits wide. In the exemplary embodiment, 
N=2 so that the 2N subdivisions are OTP3-OTP0, and K=8, 
so that the data bus is three bytes wide. As address structures 
are generally binary based, the structure of FIG. 4 is most 
readily implemented when N=2". In any of these cases, the 
instructions or other data can be stored contiguously so that 
no memory space is wasted, even though the width of the 



bytes of each of said selected instructions are supplied 
simultaneously in a single fetch operation. 

2. The microprocessor of claim 1, wherein said memory 
is four bytes wide. 

3. The microprocessor of claim 1, wherein said memory 
is a one time programmable memory. 

4. A method of operating a microprocessor, the micro- 
processor comprising a central processing "unit with an 
instruction set including N-byte instructions, a memory for 
storing the instructions, and a memory interface for supply- 
ing the instructions from the memory to the central process- 
ing unit, wherein N is an integer greater than one, the 
method comprising: 

logically organizing the memory as a plurality rows of M 
byte- wide columns, wherein M is an integer greater 
than one and wherein N and M are relatively prime; 
programming a selected set of instructions of the instruc- 
tion set into the memory, wherein all of the selected set 
of instructions is stored contiguously without any gaps 
in the memory; and 
operating the interface whereby each of the selected 
instructions can be supplied simultaneously from the 
memory to the central processing unit in a single fetch 
operation. 

5. The method of claim 4, wherein N is equal to three and 
M is equal to four. 

6. The method of claim 5, wherein said instruction set 
ffl further includes two byte instructions and one byte instruc- 
tions. 

30 7. The method of claim #whe rein said memory interface 
comprises a bus on which the selected instructions are 



10 



15 



20 



25 



supplied from said memory to the central processing unit 
bus and the number of columns in the memory are relatively 38 and wherein said bus is three^bytes wide, 
prime, and still supply an instruction the full width of the bus 8. The method of claim ^^here in the memory is an 
in a single fetch. To use supply M byte wide instructions, .15* embedded memory of the microprocessor. 



where M is still between N and 2N but not equal (N+l), 
would require the division of the memory into more than two 
sub-memories and additional multiplex circuits such as 423 4& 
of FIG. 4. 

For example, consider the case of 5-byte instructions. The 
memory would then consist of eight memory columns, or 
OTP7-OTP0, which are split into Memory #1 of OTP7- 
OTP4 and Memory #2 of OTP3-OTP0. Which of these 
memories a byte lives in is determined by RMAL[2], which 
is consequently supplied to the multiplex circuit correspond 



9. The method of claim 8, wherein the memory is a one 
time programmable memory^ 

10. The method of clairn^Vherein said memory inter- 
face comprises a bus on which the selected instructions are 

VG supplied from said memory to the central processing unit 

and wherein said bus is threa bytes wide. 
tf 11. The method of claimS^vherein the memory is an 
embedded memory of the microprocessor. 

12. The method of claim 11, wherein the memory is a one 



ing to 423 of FIG. 4. The full address is again supplied to *5"time programmable memory. 



Memory #1. When RMAL[2]*=1, the multiplex supplies the 
full address to Memory #2. As the row is specified by 50 
RMAL[R:3], where R is the number of rows, when RMAL 
[2]=1, RMAL[R:3] plus one is supplied to Memory #2. 

Although the various aspects of the present invention 
have been described with respect to specific exemplary 
embodiments, it will be understood that the invention is 55 
entitled to protection within the full scope of the appended 
claims. 

What is claimed is: 

1. A microprocessor, comprising: 

a central processing unit with an instruction set including 60 
three -byte instructions, two-byte instructions and one- 
byte instructions; 

a memory for storing the instructions, wherein all of a 
selected set of the instructions is stored contiguously 
without any gaps; and 65 

a memory interface for supplying the instructions from 
the memory to the central processing unit, wherein all 



13. A microprocessor, comprising: 

a central processing unit with an instruction set including 
three -byte instructions, two-byte instructions and one- 
byte instructions; 

a memory for storing the instructions, wherein the instruc- 
tions are stored contiguously; and 

a memory interface for supplying the instructions from 
the memory to the central processing unit, wherein all 
bytes of each of said instructions are supplied simul- 
taneously in a single fetch operation, and wherein said 
memory interface comprises a bus on which the 
instructions are supplied from said memory to the 
central processing unit and wherein said bus is three 
bytes wide. 

14. The microprocessor of claim 13, wherein the memory 
is an embedded memory of the microprocessor. 

15. The microprocessor of claim 13, wherein the memory 
is a one time programmable memory. 
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Amendments to the Claims: 



Claims 10, 11, 25, 28, 31, 33, 34, and 38 have been amended, claims 9 and 12 have 
been cancelled, and new claims 41 and 42 have been added. This listing of the claims will 
replace all prior versions, and listings, of claims in the application: 
Listing of Claims: 
(Claims 1-9 have been cancelled) 

10.(Currently Amended) AJFhe-microprocessor of claim 9 , comprising: 
a central processin g unit with an instruction set including three-bvte 



instructionswh e roin paid instruction set further includes, two-byte instructions and one-byt< 



instructions; 

a memory for storing the instructions, wherein all of a selected set of the 



instructions is stored contiguously without any gaps: and 



a memory interface for supplying the instructions from the memory to the 



central processing unit, wherein all bvtes of each of said selected instructions are supp lied 



simultaneously in a single fetch operation . 



1 1 .(Currently Amended) Tfee-microprocessor of claim 9 , comprising: 

a central processing unit with an instruction set including three-hvte 



instructions: 



a memory for storing the instructions, wherein all of a selected set of the 



instructions is stored contiguously without any gaps: and 



a memory interface for supplying the instructions from the memory to the 
centra l processing unit, wherein all bytes of each of said selected instructions are sup plied 



simultaneously in a si ngle fetch operation, and wherein said memory is a one time 



programmable memory. 



(Claims 12-24 have been cancelled) 

25.(Currently Amended) A method of operating a microprocessor, the 
microprocessor comprising a central processing unit with an instruction set including N-byte 
instructions, a memory for storing the instructions, and a memory interface for supplying the 

ZILG.244US1 -2- Application No. 10/658,058 



instructions from the memory to the central processing unit, wherein N is an integer greater j 
than one, the method comprising: 

logically organizing the memory as a plurality rows of M byte- wide columns, 
wherein M is an integer greater than one and wherein N and M are relatively prime; 

programming a selected s et of instructions of the, instruction set into the 
memory, wherein aUof the selected set of instructions-^ is_stored contiguously without anv | 
gaps in the memory; and 

operating the interface whereby each of the selected_instructions can be 
supplied simultaneously from the memory to the central processing unit in a single fetch , 
operation. 

26. (Previously Presented) The method of claim 25, wherein N is equal to three 
and M is equal to four. 

27. (Previously Presented) The method of claim 26, wherein said instruction 
set further includes two byte instructions and one byte instructions. 



28. (Currently Amended) The method of claim 26, wherein said memory j 
interface comprises a bus on which the selected instructions are supplied from said memory to 
the central processing unit and wherein said bus is three bytes wide. 

29. (Previously Presented) The method of claim 25, wherein the memory is an 
embedded memory of the microprocessor. | 

30. (Previously Presented) The method of claim 29, wherein the memory is a 
one time programmable memory. 

31 (Currently Amended) The microprocessor of claim 10, wherein said 
memory is four bytes wide. 



32.(Previously Presented). The microprocessor of claim 10, wherein said 
memory is a one time programmable memory. 
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33.(Currently Amended) A_¥he-microprocessor of claim 10 , comprising : 
a centr al processing unit with an instruction set including three-by te 



instructions, two-bvte instructions and one-bvte instructions: 



a memory for stor ing the instructions, wherein the instructions are stored 
contiguously; and 

a mem ory interface for supplying the instructions from the memory to the 
central processing unit, wherein all b y tes of each of said instructions are sue plied 



simultaneously in a single fetch operation and wherein said memory interface comprises a 
bus on which the instructions are supplied from said memory to the central processing unit 
and wherein said bus is three bytes wide. 

34.(Currently Amended) A microprocessor, comprising: 

a central processing unit operable according to an instruction set including 
instructions of one-byte, two-byte, and three-byte lengths; 

a memory for storing a selected set of said instructions, wherein all of the 
selected_ membors of tho instruction set awmstored contiguously without anv gap s: and 

a memory interface for supplying instructions of the instruction set from the 
memory to the central processing unit, wherein each of said instructions is individually 
suppliable in a single fetch operation in which all bytes of a supplied instruction are supplied 
simultaneously. 

35. (Previously Presented) The microprocessor of claim 34, wherein said 
memory is organized as a plurality rows of M byte-wide columns, wherein M is an integer 
greater than three that is not divisible by three. 

36. (Previously Presented) The microprocessor of claim 34, wherein said 
memory is a one time programmable memory. 



37.(Previously Presented) The microprocessor of claim 34, wherein said 
memory interface comprises a bus on which the instructions are supplied from said memory 
to the central processing unit and wherein said bus is three bytes wide. 
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38. (Currently Amended) The method of claim 27, wherein said memory 
interface comprises a bus on which the selected_instructions are supplied from said memory to 
the central processing unit and wherein said bus is three bytes wide. 

39. (Previously Presented) The method of claim 27, wherein the memory is an 
embedded memory of the microprocessor. 

40. (Previously Presented) The method of claim 39, wherein the memory is a 
one time programmable memory. 

41. (New) The microprocessor of claim 33, wherein the memory is an 
embedded memory of the microprocessor. 



42.(New) The microprocessor of claim 33, wherein the memory is a one time 
programmable memory. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

Page 1 of 1 

PATENT NO. : 6,970,993 B% 
APPLICATION NO.: 10/658,058 
ISSUE date : November 29, 2005 
INVENTOR(S) : Troutman et a| . 

It is certified that an error appears or errors appear in the above-identified patent and that said Letters Patent 
is hereby corrected as shown below: 

Column 8 T lines 30, 34, 38 and 42, claim dependency numbers should be corrected as follows: 
(i) claim 7 should depend from claim 5, (ii) claim 8 should depend from claim 4, (iii) claim 10 should 
depend from claim 6, and (iv) claim 1 1 should depend from claim 6. 

Lines 30-43, claims 7-11 should read: 

7. The method of claim 5, wherein said memory interface 
comprises a bus on which the selected instructions are 
supplied from said memory to the central processing unit 
and wherein said bus is three bytes wide. 

8. The method of claim 4, wherein the memory is an 
embedded memory of the microprocessor. 

9. The method of claim 8, wherein the memory is a one 
time programmable memory. 

10. The method of claim 6, wherein said memory inter- 
face comprises a bus on which the selected instructions are 
supplied from said memory to the central processing unit 
and wherein said bus is three bytes wide. 

1 1 . The method of claim 6, wherein the memory is an 
embedded memory of the microprocessor. 
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